Abstract. Cartilage in the human body structure plays an important role such as bearing load, reducing the friction between the joints. There is evidence that low-intensity pulsed ultrasound (LIPUS) can promote the repair of bone and cartilage. This paper first identifies the ultrasonic parameters, namely, the intensity is 30mW / cm2, the frequency is 1.5MHz, the pulse width is 200μs and the repetition frequency is 1KHz. Then the matching circuit is confirmed and the system scheme of ultrasonic generator is designed. Finally, the low-intensity pulsed output of sine wave with a peak-to-peak value of 5.06V is achieved, which meets the requirements of the ultrasonic transducer.
Introduction
Medical electronic equipment is widely used both at home and in the hospital. Millions of cases of fractures and cartilage damage occur every year, causing the demand for the medical equipment that can repair fractures or cartilage to grow, while the requirements for stability and power are very high.
LIPUS signal is transmitted through tissue to the bone, where cells translate this mechanical signal to a biochemical response via integrin mechano-receptors. The cells enhance the production of cyclo-oxygenese 2 which stimulates molecules to improve fracture repair [1] .
Architecture and Function of System
According to the research of scholars, LIPUS with certain parameters can indeed promote the cartilage tissue repair [2] . When pulsed ultrasound is applied to the fracture space, the proliferation and differentiation of chondroblasts, fibroblasts and osteoblasts are promoted due to the mechanical effect of ultrasound [3] . However, its application still needs further improvement and development. In this context, making a dedicated ultrasound device for the rehabilitation of cartilage treatment is of great significance. In this paper, an ultrasonic generator for cartilage rehabilitation is designed and implemented, which lays the foundation for later experimental study and application promotion of ultrasound in cartilage injury repair.
Cartilage plays an important role in bearing load, reducing friction between the bones in human body. Based on the relevant domestic and overseas document, it is found that the low-intensity pulsed ultrasound (LIPUS) can promoting the healing of fracture or cartilage damage. It is generally considered that the best parameters of LIPUS for healing are as follows. Strength is 30mW/cm2, frequency is 1.5MHz, pulse width is 200μs and repetition frequency is 1 KHz, and stimulation time is 20min per day.
This paper achieved a low-intensity pulsed ultrasound generator for cartilage rehabilitation. According to the animal experiments [4] , we determine the ultrasonic parameters as follows: the intensity is 30mW / cm2, the frequency is 1.5MHz, the pulse width is 200μs and the repetition frequency is 1KHz.
As shown in Figure 1 , the working process is as follows: A sinusoidal signal is generated by the signal generator. The frequency of the signal is consistent with the mechanical resonance frequency of the transducer. Since the signal generator only specifies the frequency of the signal, its amplitude needs to be further amplified. The multiple can be determined by the desired signal amplitude and the signal amplitude of the signal generator. Finally, after the signal passes matching circuit, the transducer achieves a power adaptive function, and the feedback circuit ensures that the frequency of the electrical signal sent to the transducer is always consistent with the resonant frequency of the transducer. 
Circuit Realization
Signal generator directly adopts TI Company's TMS320F2812 minimum system board in Figure 2 . Digital signal processor (DSP), TMS320F2812, controls AD9833 to generate the 1.5 MHz sine wave signal. Its schematic diagram is shown in Figure 3 . In Figure 3 , P1 is used for connection with DSPF2812, P2 is 25 MHZ crystals, and U2 is AD9833. The software of this sub-system is programmed by C language. After fulfilling the initialization functions, TMS320F2812 writes the temporal frequency words to AD9833's internal register according to the control word of AD9833, and the frequency signal is synthetized. Then 1.5 MHz sine wave signal is obtained.
Series two stage amplification are used in gain-controllable amplifier and output2, output3, output4, respectively, are test leads designed to simplify the test of circuit board. Hardware design circuit is shown in Figure 4 . In order to test the ideal driving ultrasonic transducer voltage, further power amplification is required. The magnification is adjustable by controlling a sliding rheostat, which allows for more flexibility in determining the final drive voltage and verifying the optimum parameters for its magnification. Its schematic diagram is shown in Figure 5 . In order to obtain a pulsed ultrasonic signal excitation signal with a repetition frequency of 1 KHz and a duty cycle of 20%, the transmitted sine wave signal needs to be pulsed. Since the PWM signal has been generated by the TMS320F2812 control and a 1.5MHz sine wave signal is also generated by the circuit, only one external analog switch is needed to help finishing the process. Its Circuit is shown in Figure 6 . After the circuit board test, VEE is decided to connected to empty and VCC to 5V voltage. The positive voltage of 3V generated by the PWM is sufficient to turn it on, and its on-resistance has no significant effect on the output signal. The design of the PCB board is divided into four parts, namely, signal generator module, gain-controllable amplification module, power amplifier module and power module. Since the board is to designed to be tested, the board were added +5 V, -5V, +10 V, +15 V, -15V power supply, respectively, testing the performance of AD603 and AD811 in different power supply. Besides, each level from the board of the waveform output were taken out for later testing. The PCB schematic diagram is shown in Figure 7 . The welded circuit board is in Figure 8 . Matching circuit could ensure that the electrical signal is transmitted to the transducer efficiently and safely. We adopt the inductance capacitance matching method, in this way the matching effect is good and simple. Equivalent circuit of the resonant state of ultrasonic transducer is showed in Figure  9 .
LIT CIT R1 Figure 9 . Equivalent circuit of the resonant state of ultrasonic transducer.
System Test
As shown in Figure 10 , the low-intensity pulsed output of sine wave with a peak-to-peak value of 5.06V is achieved, which meets the requirements of the ultrasonic transducer.
After the signal is transmitted to the transducer through the matching circuit, low-intensity pulsed ultrasound can be output. 
Summary
In this paper, we study a kind of low intensity pulsed ultrasonic generator based on DSP for cartilage rehabilitation. The design does the experiments on the circuit board, programming in the Code Composer Studio 3.3 with TMS320F2812. According to the proposed scheme in Altium Designer 09, a PCB board is made out and finished welding and debugging. The result proves that the design can output a sine wave with 5.06V peak-to-peak value. The results prove that the design is executable and can be a foundation for the further development of the future.
